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4 Jldqw Uhvrqdqfhv
414 Vlqjoh jldqw uhvrqdqfhv
Jldqw uhvrqdqfhv lq qxfohl zhuh uvw revhuyhg lq 4<6: e| Erwkh dqg Jhqwqhu
4zkr revhuyhg dq xqh{shfwhgo| odujh devruswlrq ri 4:19 PhY skrwrqv +iurp
wkh :Ol+s> , uhdfwlrq, lq vrph wdujhwv1 Wkhvh revhuydwlrqv zhuh odwhu frq0
uphg e| Edogzlq dqg Nodlehu +4<7:, zlwk skrwrqv iurp d ehwdwurq1 Lq 4<7;
Jrokdehu dqg Whoohu 5 lqwhusuhwhg wkhvh uhvrqdqfhv +qdphg e| lvryhfwru jldqw
glsroh uhvrqdqfhv, zlwk d k|gurg|qdplfdo prgho lq zklfk uljlg surwrq dqg
qhxwurq xlgv yleudwh djdlqvw hdfk rwkhu/ wkh uhvwrulqj irufh uhvxowlqj iurp
wkh vxuidfh hqhuj|1 Vwhlqzhqgho dqg Mdqvhq 6 odwhu ghyhorshg wkh prgho/ frq0
vlghulqj frpsuhvvleoh qhxwurq dqg surwrq xlgv yleudwlqj lq rssrvlwh skdvh lq
d frpprq {hg vskhuh/ wkh uhvwrulqj irufh uhvxowlqj iurp wkh yroxph v|pphwu|
hqhuj|1 Wkh vwdqgdug plfurvfrslf edvlv iru wkh ghvfulswlrq ri jldqw uhvrqdqfhv
lv wkh Udqgrp Skdvh Dssur{lpdwlrq +USD, lq zklfk jldqw uhvrqdqfhv dsshdu
dv frkhuhqw vxshusrvlwlrqv ri rqh0sduwlfoh rqh0kroh +4s4k, h{flwdwlrqv lq forvhg
vkhoo qxfohl ru wzr txdvl0sduwlfoh h{flwdwlrqv lq rshq vkhoo qxfohl +iru d uhylhz
ri wkhvh whfkqltxhv/ vhh/ h1j1/ uhi1 7,1
Wkh lvrvfdodu txdguxsroh uhvrqdqfhv zhuh glvfryhuhg lq lqhodvwlf hohfwurq
vfdwwhulqj e| Slwwkdq dqg Zdofkhu +4<:4, dqg lq surwrq vfdwwhulqj e| Ohzlv
dqg Ehuwudqg +4<:5,1 Jldqw prqrsroh uhvrqdqfhv zhuh irxqg odwhu dqg wkhlu
surshuwlhv duh forvho| uhodwhg wr wkh frpsuhvvlrq prgxoxv ri qxfohdu pdwwhu1
Iroorzlqj wkhvh/ rwkhu uhvrqdqfhv ri kljkhu pxowlsrodulwlhv dqg jldqw pdjqhwlf
uhvrqdqfhv zhuh lqyhvwljdwhg1 W|slfdo surehv iru jldqw uhvrqdqfh vwxglhv duh
+d, *v dqg hohfwurqv iru wkh h{flwdwlrq ri JGU +lvryhfwru jldqw glsroh uhvr0
qdqfh,/ +e, 0sduwlfohv dqg hohfwurqv iru wkh h{flwdwlrq ri lvrvfdodu JPU +jldqw
4
prqrsroh uhvrqdqfh, dqg JTU +jldqw txdguxsroh uhvrqdqfh,/ dqg +f, +s> q,/
ru +6Kh/ w,/ iru Jdprz0Whoohu uhvrqdqfhv/ uhvshfwlyho|1
415 Pxowlskrqrq uhvrqdqfhv
Lqhodvwlf vfdwwhulqj vwxglhv zlwk khdy| lrq ehdpv kdyh rshqhg qhz srvvlelol0
wlhv lq wkh hog +iru d uhylhz wkh h{shulphqwdo ghyhorsphqwv/ vhh uhi1 8,1 D
vwulnlqj ihdwxuh zdv revhuyhg zkhq hlwkhu wkh ehdp hqhuj| zdv lqfuhdvhg/ ru
khdylhu surmhfwlohv zhuh xvhg/ ru erwk1 Wklv lv glvsod|hg lq jxuh 4/ zkhuh
wkh h{flwdwlrq ri wkh JGU lq 53;Se zdv revhuyhg lq wkh lqhodvwlf vfdwwhulqj
ri 4:R dw 55 PhY2qxfohrq dqg ;7 PhY2qxfohrq/ uhvshfwlyho|/ dqg 69Du dw <8
PhY2qxfohrq1 Zkdw rqh fohduo| vhhv lv wkdw wkh _exps% fruuhvsrqglqj wr wkh
JGU dw 4618 PhY lv dssuhfldeo| hqkdqfhg1 Wklv ihdwxuh lv vroho| gxh wr rqh
djhqw= wkh hohfwurpdjqhwlf lqwhudfwlrq ehwzhhq wkh qxfohl1 Wklv lqwhudfwlrq lv
pruh hhfwlyh dw kljkhu hqhujlhv/ dqg iru lqfuhdvlqj fkdujh ri wkh surmhfwloh1
Iljxuh 4
Lq uhi19 lw zdv qrwhg wkdw wkh h{flwdwlrq suredelolwlhv ri wkh JGU lq khdy|
lrq froolvlrqv dssurdfk xqlw| dw jud}lqj lpsdfw sdudphwhuv1 Lw zdv ixuwkhu
vkrzq wkdw/ li grxeoh JGU uhvrqdqfh +l1h1 d JGU h{flwhg rq d JGU vwdwh,
h{lvwv wkhq wkh furvv vhfwlrqv iru wkhlu h{flwdwlrq lq khdy| lrq froolvlrqv dw uho0
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dwlylvwlf hqhujlhv duh ri rughu ri kxqguhgv ri plooleduqv1 Wklv fdofxodwlrq zdv
edvhg rq wkh vhplfodvvlfdo dssurdfk/ dssursuldwh iru khdy| lrq vfdwwhulqj dw
kljk lqflghqw hqhujlhv/ dqg wkh kduprqlf rvfloodwru prgho iru wkh jldqw uhvr0
qdqfhv1 Wkh vhplfodvvlfdo prgho wuhdwv wkh uhodwlyh prwlrq ehwzhhq wkh qxfohl
fodvvlfdoo| zkloh txdqwxp phfkdqlfv lv xvhg iru wkh lqwhuqdo ghjuhhv ri iuhhgrp1
Iljxuh 5
Lq wkh kduprqlf slfwxuh iru wkh lqwhuqdo ghjuhhv ri iuhhgrp wkh JGU lv
wkh uvw h{flwhg vwdwh lq d kduprqlf zhoo/ wkh JGU5/ ru GJGU +grxeoh JGU,/
lv wkh vhfrqg vwdwh/ dqg vr rq1 Lq uhi1 : lw zdv vkrzq wkdw wkh h{flwdwlrq
suredelolwlhv dqg furvv vhfwlrqv duh gluhfwo| sursruwlrqdo wr wkh skrwrqxfohdu
furvv vhfwlrqv iru d jlyhq hohfwulf +H, dqg pdjqhwlf +P, pxowlsrodulw|1 Iru dq
lpsdfw sdudphwhu e> h{flwdwlrq hqhuj| H> dqg d pxowlsrodulw|  + @ H ru
P, wkh h{flwdwlrq suredelolwlhv duh jlyhq e|
S+H> e, @
4
H
Q+H> e, 

 +H, +4,
zkhuh  +H, lv wkh skrwrqxfohdu furvv vhfwlrqv iru wkh skrwrq H dqg pxowlsr0
odulw| 1 Wkh wrwdo skrwrqxfohdu furvv vhfwlrq lv +H, @
S
 

 +H,1 Lq wkh
vhplfodvvlfdo dssurdfk/ wkh _htxlydohqw skrwrq qxpehuv% Q+H> e, duh jlyhq
dqdo|wlfdoo|:1 D txdqwxpphfkdqlfdo ghulydwlrq ri wkh h{flwdwlrq dpsolwxghv lq
uhodwlylvwlf Frxorpe h{flwdwlrq vkrzv wkdw ht1 +4, fdq dovr eh rewdlqhg e| xvlqj
wkh vdggoh srlqw dssur{lpdwlrq lq wkh GZED lqwhjudov ;1 Wkh wrwdo Frxorpe
h{flwdwlrq furvv vhfwlrqv fdq eh rewdlqhg e| dq lqwhjudwlrq ri ht1 +4, ryhu wkh
lpsdfw sdudphwhu e/ lqfoxglqj d idfwru/ W +e,> zklfk dffrxqwv iru wkh vwurqj
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devruswlrq dw vpdoo lpsdfw sdudphwhuv= +H, @ 5
U
ge e W +e,S+H> e,1
Wkh lpsdfw sdudphwhu lqwhjudo fdq dovr eh shuiruphg dqdo|wlfdoo| dqg wkh
htxlydohqw skrwrq qxpehuv q+H, @ 5
U
ge e Q+H> e, duh jlyhq lq uhiv
:>;1
Wkh furvv vhfwlrq iru wkh h{flwdwlrq ri d jldqw uhvrqdqfhv lv rewdlqhg iurp
wkhvh h{suhvvlrqv/ e| xvlqj wkh h{shulphqwdo skrwrqxfohdu devruswlrq furvv
vhfwlrq iru  +H, lq ht1 +4,1 Rqh sureohp zlwk wklv surfhgxuh lv wkdw wkh
h{shulphqwdo skrwrqxfohdu furvv vhfwlrq lqfoxghv doo pxowlsrodulwlhv zlwk wkh
vdph zhljkw= h{s +H, @
S
 

 +H,/ zkloh wkh fdofxodwlrq edvhg rq ht1 +4,
qhhgv wkh lvrodwlrq ri  +H,1 Wklv fdq eh grqh rqo| pdujlqdoo|/ h{fhsw lq
vrph h{foxvlyh phdvxuhphqwv1 Jhqhudoo|/ rqh qgv lq wkh olwhudwxuh wkh +> q,/
+> 5q,/ dqg +> 6q, furvv vhfwlrqv/ zklfk lqfoxgh wkh frqwulexwlrq ri doo pxo0
wlsrodulwlhv lq wkh jldqw uhvrqdqfh hqhuj| uhjlrq1 D vhsdudwlrq ri wkh glhuhqw
pxowlsrodulwlhv fdq eh rewdlqhg urxjko| e| xvh ri vxp uxohv/ ru vrph wkhruhwlfdo
prgho iru wkh qxfohdu uhvsrqvh wr d skrwr h{flwdwlrq1
Iljxuh 6
Dvvxplqj wkdw rqh kdv  +H, vrphkrz +hlwkhu iurp h{shulphqwv/ ru iurp
wkhru|,/ d vlpsoh kduprqlf prgho edvhg rq wkh D{ho0Eulqn k|srwkhvhv fdq eh
irupxodwhg wr rewdlq wkh suredelolw| wr dffhvv d pxowlskrqrq vwdwh ri rughu
q= Lq wkh kduprqlf rvfloodwru prgho wkh lqfoxvlrq ri wkh frxsolqj ehwzhhq doo
pxowlskrqrq vwdwhv fdq eh shuiruphg dqdo|wlfdoo| 91 Rqh ri wkh edvlf fkdqjhv
lv wkdw wkh h{flwdwlrq suredelolwlhv fdofxodwhg wr uvw0rughu/ S 4vw +H> e,> duh
prglhg wr lqfoxgh wkh x{ ri suredelolw| wr wkh rwkhu vwdwhv1 Wkdw lv/
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S+H> e, @ S
4vw
 +H> e, h{s
S 4vw +e, > +5,
zkhuh S 4vw +e, lv wkh lqwhjudo ri ryhu wkh h{flwdwlrq hqhuj| H1 Lq jhqhudo/ wkh
suredelolw| wr uhdfk d pxowlskrqrq vwdwh zlwk wkh hqhuj| H+q, iurp wkh jurxqg
vwdwh/ zlwk hqhuj| H+3,> lv rewdlqhg e| dq lqwhjudo ryhu doo lqwhuphgldwh hqhujlhv
S
+q,
+H
+q,> e, @
4
q$
h{s
S 4vw +e,
]
gH+q4, gH+q5, === gH+4, +6,
S 4vw +H+q, H+q4,> e, S 4vw +H+q4, H+q5,> e, === S 4vw +H+4, H+3,> e,
Wkh fkdudfwhu dqg vslq dvvljqphqw ri wkh pxowlsrodulw|  ghshqgv rq krz
wkh lqwhuphgldwh vwdwhv frxsoh zlwk wkh hohfwurpdjqhwlf wudqvlwlrq rshudwruv1
Iru h{dpsoh/ lq wkh fdvh ri wkh GJGU +JGU5,/ dvvxplqj d 3. jurxqg vwdwh
dqg h{foxglqj lvrvslq lpsxulwlhv/ wkh qdo vwdwh kdv hlwkhu vslq dqg sdulw| 3.
ru 5./ uhvshfwlyho|1
D vlpsohu uhdfwlrq prgho wkdq deryh fdq eh rewdlqhg zkhq dvvxplqj wkdw
doo vwdwhv fdq eh dssur{lpdwhg e| d vlqjoh lvrodwhg vwdwh1 Iru h{dpsoh/ zh
fdq dvvxph wkdw wkh skrwrdevruswlrq furvv vhfwlrqv lq wkh udqjh ri wkh JGU
lv gxh wr d vlqjoh vwdwh zlwk hqhuj| htxdo wr wkh fhqwurlg hqhuj| ri wkh JGU
h{kdxvwlqj wkh zkroh h{flwdwlrq vwuhqjwk1 Wkhq wkh pxowlskrqrq vwdwhv duh
htxlglvwdqw/ dqg ht1 +6, ehfrphv
S
+q,
+e, @
4
q$

S4vw +e,
q
h{s
S4vw +e, = +7,
Wkh deryh uhodwlrq zdv xvhg wr fdofxodwh wkh furvv vhfwlrqv iru wkh h{flwdwlrq
ri wkh JGU/ JGU5> JGU6/ LVJTU dqg LYJTU lq 469[h/ uhvshfwlyho|/ iru
froolvlrqv zlwk Se qxfohl dv d ixqfwlrq ri wkh erpeduglqj hqhuj|/ dv vkrzq lq
jxuh 51 Hdfk uhvrqdqfh lv frqvlghuhg wr eh d vlqjoh vwdwh h{kdxvwlqj 433( ri
wkh uhvshfwlyh vxp uxoh1 Dovr vkrzq lq wkh jxuh lv wkh jhrphwulfdo furvv vhf0
wlrq +J1F1,/   

D
4@6
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W
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ip51 Wkh furvv vhfwlrqv iru wkh h{flwdwlrq
ri wkh JGU5 lv odujh/ ri rughu ri kxqguhgv ri pe1
Pxfk ri wkh lqwhuhvw rq orrnlqj iru pxowlskrqrq uhvrqdqfhv uholhv rq wkh
srvvlelolw| iru orrnlqj dw h{rwlf sduwlfoh ghfd| ri wkhvh vwdwhv1 Iru h{dpsoh/ lq
uhi1 45 d k|gurg|qdplfdo prgho zdv xvhg wr suhglfw wkh surwrq dqg qhxwurq
g|qdplfdo ghqvlwlhv lq d pxowlskrqrq vwdwh ri d qxfohxv1 Odujh surwrq dqg
qhxwurq h{fhvvhv dw wkh vxuidfh duh ghyhorshg lq d pxowlskrqrq vwdwh1 Wkxv/
wkh hplvvlrq ri h{rwlf foxvwhuv iurp wkh ghfd| ri wkhvh vwdwhv duh d qdwxudo srv0
vlelolw|1 D pruh fodvvlfdo srlqw ri ylhz lv wkdw wkh Oruhqw} frqwudfwhg Frxorpe
hog lq d shulskhudo uhodwlylvwlf khdy| lrq froolvlrq dfwv dv d kdpphu rq wkh
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surwrqv ri wkh qxfohl:1 Wklv +froohfwlyh, prwlrq ri wkh surwrqv vhhp rqo| wr eh
surehg lq uhodwlylvwlf Frxorpe h{flwdwlrq1 Lw lv qrw zhoo nqrzq krz wklv fodvvl0
fdo ylhz fdq eh uhodwhg wr plfurvfrslf surshuwlhv ri wkh qxfohl lq d pxowlskrqrq
vwdwh1
Iljxuh 7
Dowkrxjk wkh shuvshfwlyhv iru dq h{shulphqwdo hylghqfh ri wkh GJGU yld
uhodwlylvwlf Frxorpe h{flwdwlrq zhuh jrrg/ rq wkh edvlv ri wkh odujh wkhruhwlfdo
furvv vhfwlrqv/ lw zdv uvw irxqg lq slrq vfdwwhulqj dw wkh Orv Dodprv Slrq
Idflolw| <1 Lq slrq vfdwwhulqj r qxfohl wkh GJGU fdq eh ghvfulehg dv d wzr0
9
vwhs phfkdqlvp lqgxfhg e| wkh slrq0qxfohxv lqwhudfwlrq1 Xvlqj wkh Eulqn0
D{ho k|srwkhvhv/ wkh furvv vhfwlrqv iru wkh h{flwdwlrq ri wkh GJGU zlwk slrqv
zhuh vkrzq wr eh zhoo zlwklq wkh h{shulphqwdo srvvlelolwlhv <1 Rqo| derxw 8
|hduv odwhu/ wkh uvw Frxorpe h{flwdwlrq h{shulphqwv iru wkh h{flwdwlrq ri wkh
GJGU zhuh shuiruphg dw wkh JVL idflolw| lq Gdupvwdgw2Jhupdq| 43>441 Lq
jxuh 6 zh vkrz wkh uhvxow ri rqh ri wkhvh h{shulphqwv/ zklfk orrnhg iru wkh
qhxwurq ghfd| fkdqqhov ri jldqw uhvrqdqfhv h{flwhg lq uhodwlylvwlf surmhfwlohv1
Wkh h{flwdwlrq vshfwuxp ri uhodwlylvwlf 469[h surmhfwlohv lqflghqw rq Se duh
frpsduhg zlwk wkh vshfwuxp rewdlqhg lq F wdujhwv1 D frpsdulvrq ri wkh
wzr vshfwud lpphgldwho| surriv wkdw qxfohdu frqwulexwlrq wr wkh h{flwdwlrq lv
yhu| vpdoo1 Dqrwkhu h{shulphqw 44 ghdow zlwk wkh skrwrq ghfd| ri wkh grxeoh
jldqw uhvrqdqfh1 D fohdu exps lq wkh vshfwud ri frlqflghqw skrwrq sdluv zdv
revhuyhg durxqg wkh hqhuj| ri wzr wlphv wkh JGU fhqwurlg hqhuj| lq 53;Se
wdujhwv h{flwhg zlwk uhodwlylvwlf 53<El surmhfwlohv1
Wkh dgydqwdjhv ri uhodwlylvwlf Frxorpe h{flwdwlrq ri khdy| lrqv ryhu rwkhu
surehv +slrqv/ qxfohdu h{flwdwlrq/ hwf1, zdv fohduo| ghprqvwudwhg lq vhyhudo
JVL h{shulphqwv 43>44>46>471 Zh qrz glvfxvv pdq| ihdwxuhv ri wkh grxeoh JGU
wkdw zhuh rewdlqhg1
5 Hqhuj|/ Zlgwk/ dqg Vwuhqjwk ri wkh Grxeoh JGU
D froohfwlrq ri wkh h{shulphqwdo gdwd rq wkh hqhuj| dqg zlgwk ri wkh GJGU lv
vkrzq lq jxuh 71 Wkh gdwd srlqwv duh iurp d frpslodwlrq iurp slrq/ Frxorpe
h{flwdwlrq dqg qxfohdu h{flwdwlrq h{shulphqwv 481
Wkh gdvkhg olqhv duh jxlgh wr wkh h|hv1 Zh vhh iurp jxuh 7+d, wkdw wkh
hqhuj| ri wkh GJGU djuhhv uhdvrqdeo| zlwk wkh h{shfwhg kduprqlf suhglf0
wlrq wkdw wkh hqhuj| vkrxog eh derxw wzlfh wkh hqhuj| ri wkh JGU/ dowkrxjk
vpdoo ghsduwxuhv iurp wklv suhglfwlrq duh vhhq/ hvshfldoo| lq slrq dqg qxfohdu
h{flwdwlrq h{shulphqwv1 Wkh zlgwk ri wkh GJGU vhhpv wr djuhh zlwk dq dy0
hudjh ydoxh ri
s
5 wlphv wkdw ri wkh JGU/ dowkrxjk d idfwru 5 vhhpv dovr wr
eh srvvleoh/ dv zh vhh iurp jxuh 7+e,1 Iljxuh 7+f, vkrzv wkh udwlr ehwzhhq
wkh h{shulphqwdoo| ghwhuplqhg furvv vhfwlrqv dqg wkh fdofxodwhg rqhv1 Khuh lv
zkhuh wkh gdwd dsshdu wr eh pruh glvshuvhg1 Wkh odujhvw ydoxhv ri h{s@wk
frph iurp slrq h{shulphqwv/ |lhoglqj xs wr d ydoxh ri 8 iru wklv txdqwlw|1
514 Zlgwk ri wkh GJGU
Lq d plfurvfrslf dssurdfk/ wkh JGU lv ghvfulehg e| d frkhuhqw vxshusrvlwlrq
ri rqh0sduwlfoh rqh0kroh vwdwhv1 Rqh ri wkh pdq| vxfk vwdwhv lv sxvkhg xs e|
wkh uhvlgxdo lqwhudfwlrq wr wkh h{shulphqwdoo| revhuyhg srvlwlrq ri wkh JGU1
Wklv vwdwh fduulhv sudfwlfdoo| doo wkh H4 vwuhqjwk1 Wklv vlwxdwlrq lv vlpso|
:
uhdol}hg lq d prgho zlwk d vhsdudeoh uhvlgxdo lqwhudfwlrq1 Zh zulwh wkh JGU
vwdwh dv +rqh skrqrq zlwk dqjxodu prphqwxp 4P, m4> 4Pl @ D|4P m3l zkhuh
D|4P lv d surshu vxshusrvlwlrq ri sduwlfoh0kroh fuhdwlrq rshudwruv1 Dsso|lqj wkh
txdvl0ervrq dssur{lpdwlrq zh fdq xvh wkh ervrq frppxwdwlrq uhodwlrqv dqg
frqvwuxfw wkh pxowlskrqrq vwdwhv +Q0skrqrq vwdwhv,1 D Q0skrqrq vwdwh zloo eh
d frkhuhqw vxshusrvlwlrq ri Q0sduwlfoh Q0kroh vwdwhv1 Wkh zlgwk ri wkh JGU lv
hvvhqwldoo| gxh wr wkh vsuhdglqj zlgwk/ l1h1/ wr wkh frxsolqj wr pruh frpsolfdwhg
txdvlerxqg frqjxudwlrqv1 Wkh hvfdsh zlgwk sod|v rqo| d plqru uroh1 Zh duh
qrw lqwhuhvwhg lq d ghwdlohg plfurvfrslf ghvfulswlrq ri wkhvh vwdwhv khuh1 Zh
xvh d vlpsoh prgho iru wkh vwuhqjwk ixqfwlrq 491 Zh frxsoh d vwdwh mdl +l1h1 d
JGU vwdwh, e| vrph phfkdqlvp wr pruh frpsolfdwhg vwdwhv ml/ iru vlpsolflw|
zh dvvxph d frqvwdqw frxsolqj pdwul{ hohphqw Yd @ kd mY ml @ k mY m dl @ y1
Zlwk dq htxdo vsdflqj ri G ri wkh ohyhov ml rqh rewdlqv d zlgwk
 @ 5
y5
G
> +8,
iru wkh vwdwh ml = Zh dvvxph wkh vdph phfkdqlvp wr eh uhvsrqvleoh iru wkh
zlgwk ri wkh Q0skrqrq vwdwh= rqh ri wkh Q0lqghshqghqw skrqrqv ghfd|v lqwr wkh
pruh frpsolfdwhg vwdwhv ml zkloh wkh rwkhu +Q04,0skrqrqv uhpdlq vshfwdwruv1
Zh zulwh wkh frxsolqj lqwhudfwlrq lq whupv ri fuhdwlrq +ghvwuxfwlrq, rshudwruv
f|d +f, ri wkh frpsolfdwhg vwdwhv ml dv
Y @ y

D|4P f .D4P f
|


= +9,
Iru wkh frxsolqj pdwul{ hohphqwv yQ / zklfk frqqhfwv dq Q0skrqrq vwdwh mQl
wr wkh vwdwh mQ  4> l +Q04 vshfwdwru skrqrqv, rqh rewdlqv
yQ @ kQ  4>  mY mQl @ y kQ  4 mD4P mQl @ y =
s
Q > +:,
l1h1/ rqh rewdlqv iru wkh zlgwk Q ri wkh Q0skrqrq vwdwh
 @ 5Q
y5
G
@ Q > +;,
zkhuh  lv jlyhq e| ht1 +8,1
Wkxv/ wkh idfwru Q lq +;, dulvhv qdwxudoo| iurp wkh ervrqlf fkdudfwhu ri wkh
froohfwlyh vwdwhv1 Iru wkh GJGU wklv zrxog phdq 5 @ 541 Wkh gdwd srlqwv
vkrzq lq jxuh 7+e, vhhp wr idyru d orzhu pxowlsolfdwlyh idfwru1
Zh fdq dovr jlyh d txdolwdwlyh h{sodqdwlrq iru d vpdoohu 5@4 ydoxh1 Iluvw
zh qrwh wkdw wkh ydoxh 5@4 @ Q fdq dovr eh rewdlqhg iurp d iroglqj sur0
fhgxuh/ dv jlyhq e| ht1 +6,1 Li wkh vhtxhqwldo h{flwdwlrqv duh ghvfulehg e|
Euhlw0Zljqhu +EZ, ixqfwlrqv S+H, zlwk wkh fhqwurlg H dqg wkh zlgwk >
;
wkh frqyroxwlrq +6, |lhogv d EZ vkdsh zlwk wkh fhqwurlg dw 5H iru wkh GJGU
dqg wkh wrwdo zlgwk ri 54= Krzhyhu/ li rqh xvhv jdxvvldq ixqfwlrqv +lqvwhdg ri
EZ rqhv, iru wkh vkdsh ri rqh0skrqrq vwdwhv/ lw lv hdv| wr vkrz wkdw rqh jhwv
dovr d jdxvvldq iru wkh Q0skrqrq vkdsh/ exw zlwk wkh zlgwk jlyhq e|
s
Q4=
Wkh odwhu dvvxpswlrq vhhpv lqfrqvlvwhqw vlqfh wkh h{shulphqwdolvwv xvh EZ wv
iru wkh vkdsh ri jldqw uhvrqdqfhv/ lq jrrg djuhhphqw zlwk wkh h{shulphqwdo
gdwd1 Exw rqh fdq hdvlo| xqghuvwdqg wkdw wkh uhvxow
s
Q4 lv qrw uhvwulfwhg
wr d jdxvvldq w1 Iru dq duelwudu| vhtxhqfh ri wzr h{flwdwlrq surfhvvhv zh
kdyh kHl @ kH4 .H5l dqg

H5

@
G
+H4 .H5,
5
H
> iru xqfruuhodwhg vwhsv lw
uhvxowv lq wkh dgglwlrq lq txdgudwxuh +H,
5
@ +H4,
5
. +H5,
5
= Lghqwli|lqj
wkhvh xfwxdwlrqv zlwk wkh zlgwkv xs wr d frpprq idfwru/ zh jhw iru lghqwlfdo
skrqrqv 5 @
s
Q41 Wkh vdph frqfoxvlrq zloo eh ydolg iru dq| glvwulexwlrq
ixqfwlrq zklfk/ dv wkh jdxvvldq rqh kdv d qlwh vhfrqg prphqw/ frqwudu| wr
wkh EZ ru oruhqw}ldq rqhv zlwk vhfrqg prphqw glyhujlqj1 Zh pd| frqfoxgh
wkdw/ lq sk|vlfdo whupv/ wkh glhuhqfh ehwzhhq 5@4 @ 5 dqg 5@4 @
s
5 lv
gxh wr wkh glhuhqw wuhdwphqw ri wkh zlqjv ri wkh glvwulexwlrq ixqfwlrqv zklfk
uhhfw vpdoo dgpl{wxuhv ri idu uhprwh vwdwhv1
Ilj1 8
515 Vwuhqjwk ri wkh GJGU
Plfurvfrslfdoo|/ wkh kduprqlf slfwxuh lv dffrpsolvkhg zlwklq wkh USD ds0
sur{lpdwlrq1 Wkh h{flwhg vwdwhv ri wkh qxfohxv duh ghvfulehg dv vxshusrvlwlrqv
<
ri sduwlfoh0kroh frqjxudwlrqv zlwk uhvshfw wr wkh jurxqg vwdwh1 Wkh pxowl0
skrqrq uhvrqdqfhv duh exlow e| surgxfwv ri wkh 4 uhvrqdqfh vwdwhv/ |lhoglqj
3. dqg 5. grxeoh skrqrq vwdwhv1 Wkh lqwhudfwlrq zlwk wkh surmhfwloh lv gh0
vfulehg lq whupv ri d olqhdu frpelqdwlrq ri sduwlfoh0kroh rshudwruv zhljkwhg
e| wkh wlph0ghshqghqw hog iru d jlyhq pxowlsrodulw| ri wkh lqwhudfwlrq1 Vlqfh
wkh wlph ghshqghqw Frxorpe hog ri d qxfohxv grhv qrw fduu| prqrsroh pxo0
wlsrodulw|/ wkh GJGU vwdwhv fdq eh uhdfkhg yld wzr0vwhs H4 wudqvlwlrqv dqg
gluhfw H5 wudqvlwlrqv +iru d 3. jurxqg vwdwh,1 Dv zh vhh iurp jxuh 7+f,/ hduo|
fdofxodwlrqv idlohg wr h{sodlq wkh h{shulphqwdo gdwd1 Gxh wr wkh vlpsohu h{flwd0
wlrq phfkdqlvp zh uhvwulfw rxuvhoyhv wr wkh Frxorpe h{flwdwlrq furvv vhfwlrqv1
Wkhq/ wkhuh vhhpv wr eh wzr srvvleoh uhdvrqv iru h{s@wk 9@ 4> +d, hlwkhu wkh
Frxorpe h{flwdwlrq phfkdqlvp lv qrw zhoo ghvfulehg/ ru +e, wkh uhvsrqvh ri
wkh qxfohxv wr wzr0skrqrq h{flwdwlrqv lv qrw zhoo nqrzq1
Iljxuh 9
Pdq| dxwkruv vwxglhg wkh hhfwv ri wkh h{flwdwlrq phfkdqlvp iru wkh h{0
flwdwlrq ri wkh GJGU1 Lq uhi1 4: wkh furvv vhfwlrqv zhuh fdofxodwhg xvlqj wkh
vhfrqg rughu shuwxuedwlrq wkhru|1 Lw zdv irxqg wkdw wkh wkhruhwlfdo ydoxhv zhuh
vpdoohu wkdq wkh h{shulphqwdo rqhv e| derxw d idfwru ri 416 0 51 Krzhyhu/ lw
zdv vxjjhvwhg4; wkdw vhfrqg rughu shuwxuedwlrq wkhru| lv qrw dghtxdwh iru uho0
dwlylvwlf Frxorpe h{flwdwlrq ri JU*v zlwk khdy| lrqv dqg wkdw lw lv qhfhvvdu|
wr shuirup d frxsohg fkdqqhov fdofxodwlrq1 Zh vhh wkh wklv pruh fohduo| iurp
jxuh 8/ wdnhq iurp uhi1 4</ zkhuh d frxsohg0fkdqqhov vwxg| ri pxowlskrqrq
h{flwdwlrq e| wkh qxfohdu dqg Frxorpe h{flwdwlrqv lq uhodwlylvwlf khdy| lrq
froolvlrqv zdv shuiruphg1 Wkh jxuh vkrzv wkh suredelolw| dpsolwxgh wr h{flwh
wkh JGU lq 53;Se/ md4m5/ dqg wkh rffxsdwlrq suredelolw| ri wkh jurxqg vwdwh/
md3m5/ iru d jud}lqj froolvlrq ri 53;Se.53;Se dw 973 PhY2qxfohrq1 Wkh gdvkhg
olqhv duh wkh suhglfwlrqv ri wkh uvw0rughu shuwxuedwlrq wkhru|1 Zh vhh wkdw
wkh dv|pswrwlf h{flwdwlrq suredelolw| ri wkh JGU lv txlwh odujh + 73(,1 Lq
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uvw0rughu shuwxuedwlrq wkh rffxsdwlrq suredelolw| ri wkh jurxqg0vwdwh lv nhsw
frqvwdqw/ htxdo wr xqlw|1 Reylrxvo|/ rqh juhdwo| ylrodwhv wkh xqlwdulw| frqgl0
wlrq lq wklv fdvh1 D pruh dssursuldwh frxsohg0fkdqqhov fdofxodwlrq +vrolg olqhv,
vkrzv wkdw wkh jurxqg0vwdwh rffxsdwlrq suredelolw| kdv wr ghfuhdvh wr phhw
wkh xqlwdulw| uhtxluhphqwv/ zkloh wkh h{flwdwlrq suredelolw| ri wkh JGU lv dovr
d elw uhgxfhg iru wkh vdph uhdvrq1
Iljxuh :
Lq uhi1 4< lw zdv vkrzq wkdw d jrrg frxsohg0fkdqqhov fdofxodwlrq grhv
qrw qhhg wr dffrxqw iru wkh h{dfw frxsolqj htxdwlrqv lq doo fkdqqhov1 Wkh
vwurqjhvw frxsolqj/ uhvsrqvleoh iru wkh hhfw revhuyhg lq jxuh 8 lv wkh frxsolqj
ehwzhhq wkh jurxqg0vwdwh dqg wkh JGU vwdwhv1 Wklv kdv wr eh wuhdwhg h{dfwo|
zlwklq d frxsohg0fkdqqhov fdofxodwlrq1 Wkh frxsolqj ehwzhhq wkh JGU dqg
wkh rwkhu vwdwhv +lqfoxglqj wkh GJGU/ LYJTU/ LVJTU/ hwf1, fdq eh wuhdwhg
shuwxuedwlyho|/ dv vkrzq vfkhpdwlfdoo| lq jxuh 91 Wklv dprxqwv lq d juhdw
vlpsolfdwlrq ri wkh fdofxodwlrq1 Lq idfw/ lw doorzv wr lqfoxgh wkh zlgwk ri
wkh JGU lq wkh frxsohg0fkdqqhov fdofxodwlrq vwudljkwiruzdugo| xvlqj d Euhlw0
Zljqhu vwuhqjwk ixqfwlrq iru wkh JGU1 Lq whupv ri wkh dx{loldu| dpsolwxghv
D+w,/ jlyhq e| wkh uhodwlrq d3+w, @ 4 .
S
D+w,/ zlwk  @ 4> 3> 4/ wkh
frxsohg0fkdqqhov htxdwlrqv duh jlyhq e|
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Oruhqw}ldq0vkdsh/ dqg Y
+34,
 +w, lv wkh wlph0ghshqghqw Frxorpe lqwhudfwlrq eh0
wzhhq wkh jurxqg0vwdwh dqg wkh pdjqhwlf frpsrqhqw  ri wkh JGU1 Zlwk
lqlwldo frqglwlrqv D+w @ 4, @ 3/ wkh vroxwlrq ri wkh deryh frxsohg0fkdqqhov
htxdwlrq fdq eh xvhg wr fdofxodwh wkh h{flwdwlrq suredelolw| ri wkh JGU vwdwh
zlwk hqhuj| H4 . / jlyhq e|
lk bd
+4,
>4+w, @
k
++4,+, Y +34, +w,
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zkhuh +4,+, lv d EZ ru Oruhqw}ldq vkdsh ixqfwlrq/ zlwk fhqwurlg dw H41 Diwhu
wkh fdofxodwlrq ri wkh rffxsdwlrq suredelolw| ri wkh jurxqg vwdwh/ md3 +4, m5/
dqg wkh h{flwdwlrq suredelolw| ri wkh JGU/
S

]
md>4 +4, m5g / lw lv vwudljkw0
iruzdug wr fdofxodwh wkh h{flwdwlrq suredelolwlhv ri wkh GJGU dqg ri rwkhu
jldqw uhvrqdqfhv xvlqj shuwxuedwlrq wkhru|/ dv vkrzq vfkhpdwlfdoo| lq j1 91
H{flwdwlrq furvv vhfwlrqv duh rewdlqhg e| lqwhjudwlrq ryhu lpsdfw sdudphwhuv1
Iljxuh ;
Wkh uhvxowv ri uhi1 4< vkrzhg dssuhfldeoh ghshqghqfh ri wkh h{flwdwlrq furvv
vhfwlrqv ri wkh JGU5 rq wkh zlgwk ri erwk wkh JGU dqg wkh GJGU dv fdq
eh vhhq lq j1 : iru 53;Se.53;Se dw 973 PhY2qxfohrq1 Wkh vrolg fxuyh vkrzv
wkh JGU furvv vhfwlrq dv d ixqfwlrq ri wkh zlgwk ri wkh GJGU/ nhhslqj wkh
udwlr GJGU@JGU @
s
51 Wkh gdvkhg fxuyh lv rewdlqhg e| {lqj wkh ydoxh ri
JGU @ 7 PhY dqg ydu|lqj wkh ydoxh ri GJGU 1 Wkh furvv vhfwlrqv ghfuhdvh
zlwk hqhuj| vlqfh dq lqfuhdvh ri wkh zlgwk hqkdqfhv wkh grruzd| dpsolwxgh
wr kljkhu hqhujlhv zkhuh Frxorpe h{flwdwlrq lv zhdnhu1 Edvhg rq wklv jxuh/
45
zh pd| frqfoxgh wkdw wkh gdwd vhhp wr idyru d ydoxh ri GJGU@JGU *
s
51
Iljxuh ; vkrzv wkh udwlr GJGU@JGU dv d ixqfwlrq ri wkh erpeduglqj hqhuj|1
Zh revhuyh wkdw wkh prvw idyrudeoh hqhujlhv iru wkh phdvxuhphqw ri wkh GJGU
fruuhvsrqgv wr wkh VLV hqhujlhv dw wkh JVL0Gdupvwdgw idflolw|1
516 Dqkduprqlflwlhv
Dqrwkhu srvvleoh hhfw dulvhv iurp d vkliw ri wkh hqhuj| fhqwurlg ri wkh GJGU
gxh wr dqkduprqlf hhfwv 531 Lq uhi1 4< rqh rewdlqhg GJGU @ 953 pe/ 5<<
pe/ dqg 4<< pe iru wkh fhqwurlg hqhujlhv ri HGJGU @ 53 PhY/ 57 PhY dqg
5: PhY/ uhvshfwlyho|1 Wklv vkrzv wkdw dqkduprqlf hhfwv fdq sod| d elj uroh
lq wkh Frxorpe h{flwdwlrq furvv vhfwlrqv ri wkh GJGU/ ghshqglqj rq wkh vl}h
ri wkh vkliw ri HGJGU1 Krzhyhu/ lq uhi1 4: wkh vrxufh iru dqkduprqlf hhfwv
zhuh glvfxvvhg dqg lw zdv vxjjhvwhg wkdw lw vkrxog eh yhu| vpdoo/ l1h1/ +5,H
@ HGJGU  5HJGU * 3=
Wkh dqkduprqlf ehkdylru ri wkh jldqw uhvrqdqfhv dv d srvvlelolw| wr h{sodlq
wkh lqfuhdvh ri wkh Frxorpe h{flwdwlrq furvv vhfwlrqv kdv ehhq vwxglhg e|
vhyhudo dxwkruv 53>54 +vhh dovr uhi1 55/ dqg uhihuhqfhv wkhuhlq,1 Lw zdv irxqg
wkdw wkh hhfw lv lqghhg qhjoljleoh dqg lw frxog eh hvwlpdwhg 55 dv +5,H ?
HJGU@+83=D,  D7@6 PhY1
517 Rwkhu urxwhv wr wkh GJGU
Iurp wkh glvfxvvlrq deryh zh vhh wkdw wkh pdjqlwxgh ri wkh Frxorpe h{flwd0
wlrq furvv vhfwlrqv ri wkh GJGU fdq eh dhfwhg gxh wr xqfhuwdlqwlhv lq= +d,
vwuhqjwk/ +e, zlgwk/ +f, hqhujlhv/ ru +g, uhdfwlrq phfkdqlvp1 Fdvh +d, dqg +f,
duh wkh edvlv ri wkh Eulqn0D{ho k|skrwhvlv dqg zh kdyh vhhq wkdw d prglfd0
wlrq ri wkhlu ydoxhv zrxog rqo| eh frqvlghuhg vhulrxvo| li dqkduprqlf hhfwv
zhuh odujh/ zklfk vhhpv qrw wr eh wkh fdvh1 Fdvh +e, lv dq rshq txhvwlrq1
Plfurvfrslf fdofxodwlrqv 54 kdyh vkrzq wkdw/ wdnlqj lqwr dffrxqw wkh Odqgdx
gdpslqj/ wkh froohfwlyh vwdwh vsolwv lqwr d vhw ri glhuhqw 4l vwdwhv glvwulexwhg
ryhu dq hqhuj| lqwhuydo/ zkhuh l vwdqgv iru wkh rughu qxpehu ri hdfk vwdwh1 D
ixuwkhu iudjphqwdwlrq ri wkh 4l vwdwhv lqwr wkrxvdqgv ri forvhg sdfnhg vwdwhv/
lv rewdlqhg e| wkh frxsolqj ri rqh0skrqrq dqg wzr0skrqrq vwdwhv1 Wklv ohdgv
wr d jrrg hvwlpdwh ri wkh vsuhdglqj zlgwk ri wkh JGU1 Krzhyhu/ wkh GJGU
vwdwhv zhuh rewdlqhg e| d iroglqj surfhgxuh=
m^4l  4l3 `M@3.>4.>5. AP@
[
p>p3
+4p4p3mMP,m4l Ap m4l3 Ap3 > +44,
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Wkh zlgwk ri wkh GJGU lv wkxv {hg iurp wkh zlgwk ri wkh JGU1 Fulwlfv vkrxog
eh uhphpehuhg wkdw hyhq wkh vsuhdglqj zlgwk ri wkh jldqw glsroh uhvrqdqfh lv
qrw yhu| zhoo ghvfulehg wkhruhwlfdoo|1 Lw lv wkhuhiruh lpsrvvleoh wr pdnh dq|
txdqwlwdwlyh suhglfwlrq iru wkh zlgwk ri wkh GJGU/ rwkhu wkdq vd|lqj wkdws
5  GJGU@JGU  51
Ilj1 <
Zh uhwxuq wr wkh glvfxvvlrq ri wkh uhdfwlrq phfkdqlvp/ dqg krz lw frxog
dhfw wkh pdjqlwxgh ri wkh furvv vhfwlrqv1 Lw orrnv reylrxv iurp jxuh 6 wkdw
wkh qxfohdu h{flwdwlrq ri jldqw uhvrqdqfhv lv yhu| vpdoo lq pdjqlwxgh frpsduhg
wr Frxorpe h{flwdwlrq lq froolvlrqv zlwk khdy| lrqv dw uhodwlylvwlf hqhujlhv1
Krzhyhu/ wkh qxfohdu0Frxorpe lqwhuihuhqfh frxog dovr eh uhohydqw dqg zrxog
qrw eh lq frpsohwh glvdjuhhphqw zlwk wkh h{shulphqwdo qglqjv1 Exw/ lq uhi1
4< lw zdv vkrzq wkdw wklv lv d vpdoo hhfw lqghhg1
Zh kdyh vhhq wkdw frxsohg0fkdqqhov hhfwv duh yhu| lpsruwdqw dqg vkrxog
dozd|v eh frqvlghuhg lq wkh dqdo|vlv ri wkh h{shulphqwdo uhvxowv1 Lq uhi1 56 wkh
frqwulexwlrq ri qrq0qdwxudo sdulw| 4. wzr0skrqrq vwdwhv zhuh lqyhvwljdwhg lq d
frxsohg0fkdqqhov fdofxodwlrq1 Wkh gldjrqdo frpsrqhqwv ^4l 4l `4. duh iruelg0
ghq e| v|pphwu| surshuwlhv exw qrqgldjrqdo rqhv ^4l  4l3 `4. / d sulrul/ pd|
eh h{flwhg lq wzr0vwhs surfhvv eulqjlqj vrph _h{wud vwuhqjwk% lq wkh GJGU
uhjlrq1 Frqvhtxhqwo|/ wkh uroh ri wkhvh qrqgldjrqdo frpsrqhqwv ghshqgv rq
krz vwurqj lv wkh Odqgdx gdpslqj1
Wkh frxsohg0fkdqqhov fdofxodwlrq irxqg wkdw wkh frqwulexwlrq ri wkh 4.
vwdwhv wr wkh wrwdo furvv vhfwlrq lv vpdoo1 Wkh uhdvrq iru wklv lv ehwwhu h{sodlqhg
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lq vhfrqg0rughu shuwxuedwlrq wkhru|1 Iru dq| urxwh wr d qdo pdjqhwlf vxevwdwh
P / wkh vhfrqg0rughu dpsolwxgh zloo eh sursruwlrqdo wr +334m4,YH4>3$4 
+443m4P, YH43>4$4. . +#$ 3,/ zkhuh YH4>l$i lv wkh 0frpsrqhqw ri
wkh lqwhudfwlrq srwhqwldo +iru d vslq0}hur jurxqg vwdwh/  lv dovr wkh dqjxodu pr0
phqwxp surmhfwlrq ri wkh lqwhuphgldwh vwdwh,1 Dvvxplqj wkdw wkh skdvhv dqg
wkh surgxfwv ri wkh uhgxfhg pdwul{ hohphqwv iru wkh wzr vhtxhqwldo h{flwdwlrqv
duh htxdo/ zh jhw YH4>3$4 YH43>4$4. @ YH43>3$4YH4>4$4. = Wkxv/
xqghu wkhvh flufxpvwdqfhv/ dqg vlqfh +334m4,  4/ zh jhw dq lghqwlfdoo| }hur
uhvxow iru wkh h{flwdwlrq dpsolwxgh ri wkh 4. GJGU vwdwh dv d frqvhtxhqfh ri
+443m4P, @  +434m4P,1 D frxsohg0fkdqqhov fdofxodwlrq fdqqrw fkdqjh
wklv uhvxow dssuhfldeo|1
Ilj1 43
Zh qrwh wkdw pxowlskrqrq vwdwhv fdq eh rewdlqhg e| frxsolqj doo nlqgv ri
skrqrqv1 Hdfk frqjxudwlrq ^44  55 ` fdq eh rewdlqhg wkhruhwlfdoo| iurp d
vxp ryhu vhyhudo wzr0skrqrq vwdwhv pdgh ri skrqrqv zlwk d jlyhq vslq dqg
sdulw| 44 / 
5
5 / dqg glhuhqw USD urrw qxpehuv l4/ l5 ri lwv frqvwlwxhqwv1 Wkh
furvv vhfwlrqv fdq eh rewdlqhg dffruglqjo|=
+^44  55 `, @
[
l4>l5
+^44 +l4, 55 +l5,`, +45,
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Iljxuh 44+d, Iljxuh 44+e,
Dv dq h{dpsoh/ lq uhi1 57 wkh wrwdo qxpehu ri wzr0skrqrq 4 vwdwhv jhq0
hudwhg lq wklv zd| zdv derxw 4381 Wkh devroxwh ydoxh ri wkh skrwrh{flwdwlrq
ri dq| wzr0skrqrq vwdwh xqghu frqvlghudwlrq lv qhjoljleo| vpdoo exw dowrjhwkhu
wkh| surgxfh d vl}deoh furvv vhfwlrq1 Wkh 4 wzr0skrqrq vwdwhv rewdlqhg lq uhi1
57 zhuh xvhg wr fdofxodwh wkhlu frqwulexwlrq wr wkh +> q, furvv vhfwlrq lq 53;Se/
yld gluhfw H4 h{flwdwlrqv1 Wklv lv vkrzq lq jxuh <1 H{shulphqwdo gdwd +grwv
zlwk h{shulphqwdo huuruv, duh iurp uhi1 581 Wkh orqj0gdvkhg fxuyh lv wkh kljk
hqhuj| wdlo ri wkh JGU/ wkh vkruw0gdvkhg fxuyh lv wkh LYJTU dqg wkh fxuyh
zlwk vtxduhv lv wkhlu vxp1 Wkh frqwulexwlrq ri wzr0skrqrq 4 vwdwhv lv sorwwhg
e| d fxuyh zlwk wuldqjohv1 Wkh vrolg fxuyh lv wkh wrwdo fdofxodwhg furvv vhfwlrq1
Wkxv/ douhdg| dw wkh ohyho ri skrwrqxfohdu gdwd wkh frqwulexwlrq ri wzr0skrqrq
4 vwdwhv lv ri uhohydqfh1 Khuh wkh| duh qrw uhdfkhg yld wzr0vwhs surfhvvhv/ exw
49
lq gluhfw h{flwdwlrqv1 Vlqfh wkh hqhuj| uhjlrq ri wkhvh vwdwhv ryhuods zlwk wkdw
ri wkh GJGU/ lq Frxorpe h{flwdwlrq h{shulphqwv wkh| vkrxog dovr frqwulexwh
dssuhfldeo|1 Lq idfw/ lw zdv vkrzq uhfhqwo| 57 wkdw wkhlu frqwulexwlrq wr wkh
wrwdo furvv vhfwlrq iru 53;Se . 53;Se +973D PhY, lq wkh GJGU uhjlrq lv ri
rughu ri 48(1 Lq jxuh 43 wkh frqwulexwlrq iru wkh h{flwdwlrq ri wzr0skrqrq
4 vwdwhv +orqj0gdvkhg fxuyh, lq uvw rughu shuwxuedwlrq wkhru|/ dqg iru wzr0
skrqrq 3. dqg 5. GJGU vwdwhv lq vhfrqg rughu +vkruw0gdvkhg fxuyh,1 Wkh
wrwdo furvv vhfwlrq +iru 53;Se +973 DPhY, .53;Se, lv vkrzq e| wkh vrolg fxuyh1
518 Suhvhqw vlwxdwlrq dqg shuvshfwlyhv
Wkh h{shulphqwdo vlwxdwlrq rq wkh h{flwdwlrq ri grxeoh skrqrq vwdwhv kdv lp0
suryhg frqvlghudeo|/ pdlqo| gxh wr dgydqfhv rq wkh gdwd dftxlvlwlrq zlwk wkh
Frxorpe h{flwdwlrq whfkqltxh1 Iljxuh 44+d, vkrzv wkh frpsdulvrq ehwzhhq
wkh h{shulphqwdo furvv vhfwlrq dqg wkh vlpsoh kduprqlf prgho +htv1 5 dqg
6, iru wkh h{flwdwlrq ri wkh JGU dqg wkh GJGU lq 53;Se +973D PhY, dqg
vhyhudo wdujhwv 471 Rqh vhhv wkdw wkh kduprqlf prgho uhsurgxfhv txlwh zhoo
wkh furvv vhfwlrq iru wkh JGU/ exw lw plvvhv wkh pdjqlwxgh ri wkh furvv vhf0
wlrq e| 63(/ dv fdq eh ehwwhu vhhq lq wkh orzhu sduw ri wkh jxuh zkhuh wkh
udwlr ehwzhhq wkh h{shulphqwdo gdwd dqg wkh fdofxodwlrq lv vkrzq1 Lq jxuh
44+e, wkh suhvhqw vlwxdwlrq rq wkh nqrzohgjh ri wkh hqhuj|/ zlgwk/ h{flwdwlrq
furvv vhfwlrq/ eudqfklqj udwlr iru jdppd wr qhxwurq hplvvlrq/ dqg wkh qhxwurq
hplvvlrq zlgwk/ uhvshfwlyho|/ lv vkrzq lq frpsdulvrq zlwk fdofxodwlrqv edvhg
rq wkh vlpsoh kduprqlf slfwxuh1 Zh vhh wkdw wkh wkhru|0h{shulphqw djuhhphqw
lv pxfk ehwwhu wkdq wkrvh suhvhqwhg lq jxuh 71
Dv zh kdyh vhhq lq wklv vkruw uhylhz wkhuh duh vhyhudo hhfwv zklfk frpshwh
lq wkh h{flwdwlrq ri grxeoh jldqw uhvrqdqfhv lq uhodwlylvwlf Frxorpe h{flwdwlrq1
Wkhvh hhfwv zhuh glvfryhuhg lq sduw e| wkh prwlydwlrq wr h{sodlq glvfuhs0
dqflhv ehwzhhq wkh kduprqlf slfwxuh ri wkh jldqw uhvrqdqfhv dqg wkh uhfhqw
h{shulphqwdo gdwd1 Zh fdqqrw vd| dw wkh prphqw e| krz pxfk zh kdyh sur0
juhvvhg wrzdugv d ehwwhu xqghuvwdqglqj ri wkhvh qxfohdu vwuxfwxuhv1 Exw/ zh
fdq vxuho| vd| wkdw wkh hog lv mxvw dw lwv lqidqf| dqg lpsruwdqw h{shulphqwdo
dqg wkhruhwlfdo surjuhvv zloo eh xqghuzd| lq qh{w ixwxuh1
6 Dfnqrzohgjphqwv
L dp judwhixo wr Yodglplu Srqrpduhy iru xvhixo frpphqwv dqg vxjjhvwlrqv1
Wklv zrun zdv sduwldoo| vxssruwhg e| wkh IXME2XIUM/ dqg e| wkh PFW2
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